Metal hydrides are attractive as hydrogen storage materials. Thermal desorption spectroscopy (TDS) has been used to study their decomposition. 1 Recently, a coupled technique of differential scanning calorimetry (DSC) and TDS has been applied. 2 A large isotope effect can be expected in metal-hydrogen systems, since the mass ratio of D to H is large. Studies on the isotope effects are useful to separate hydrogen isotopes as well as to understand the behavior of hydrogen in metals. Previously, we studied V-H-D and Ti0.1V0.9-H-D systems by means of X-ray powder diffraction, DSC and 1 H and 2 H nuclear magnetic resonance (NMR). [3] [4] [5] The sites and diffusions of one hydrogen isotope were found to be affected by another coexisting isotope. Desorption kinetics of one hydrogen isotope is also expected to be affected by another coexisting isotope.
In mass spectrometric measurements, the signal intensity is generally assumed to be proportional to the number of species. However, the sensitivity deviates largely from the proportionality at the limit of low mass numbers. Because the sensitivity depends on the instrument used, we have to calibrate each instrument.
In the present work, we propose a method to calibrate the sensitivity of a mass spectrometer for H2 (m/z = 2), HD (3) and D2 (4) by using metal hydrides. Using this method, we calibrate our instrument and determine the contents of hydrogen isotopes in metal hydrides.
Experimental

Materials
Five Ti0.33V0.67HxDy samples were used, which were synthesized by a procedure similar to that used in previous studies. [3] [4] [5] They were two parent samples, protide (sample 1) and deuteride (sample 2), and their child samples prepared by mixing and homogenizing the two parent samples (samples 3 -5) .
Measurements
A Rigaku Thermo Mass system was used, which was a combined apparatus of Rigaku Thermo Plus TG 8120 thermogravimetric and differential thermal analyzer and Anelva M-QA200TS spectrometer equipped with an interface for gas introduction.
Thermogravimetric and differential thermal analyses (TG-DTA) and mass spectrometric measurements (MASS) were simultaneously carried out. Argon gas was flowed as a carrier gas with a flow rate of 200 ml/min. Samples (20 -30 mg) were put on an aluminum pan. The sample temperature was raised at a typical rate of 30˚C/min up to 1000˚C, unless otherwise stated.
The mass numbers of residual gases in the mass spectrometer were m/z = 1 (H + ), 2 (H2 + ), 17 (OH + ), 18 (H2O + ), 19 (F + ), 28 (N2 + ) and so on. The residual gas intensities were about 0.11, 0.011, 0.007, 0.050, 0.036 and 0.012 for m/z = 1, 2, 17, 18, 19 and 28 when the typical maximum intensity for hydrogen isotopes was set at 1. These peaks had constant intensities, except for m/z = 2, throughout the measurements, indicating that the evolved hydrogen isotopes underwent no reactions with the residual gases.
Calibration Method
A general formula of a sample is MHx i Dy i , where M represents metal and xi and yi are unknown parameters. Two parent samples are the protide 
The weight loss is
where WM is the mass number of the metal. Consequently, 
The equation for the H content is
while that for the D content is
The unknown parameters are xi, yi (i = 1, 2, 3 and 4), CHD and CDD. Four Eqs. It is difficult to solve the above equations analytically. Practically, iterative procedures are applied. For the protide, the D content is negligible, i.e., y1 = 0. Using Eq. (2), x1 can be determined. On the other hand, the deuteride contains a small amount of H, i.e., x2 > 0.
First, CHD and CDD are assumed to be 1. Equations (1) and (2) for i = 2 give x2 and y2. Then, Eqs. (4) and (5) 
Results and Discussion
Three mixing samples were prepared. The mixing ratios were k3 = 0.4979, k4 = 1.0011 and k5 = 1.9974 for the samples 3, 4 and 5, respectively, as listed in Table 1 . Figure 1 shows a typical TG-DTA result measured for sample 4. Decomposition of the sample was observed between 370 and 650˚C, being accompanied by an endothermic peak. The weight loss was estimated from the TG curve. Figure 2 shows a typical TDS result for sample 4, measured by MASS. The peak intensities have not yet been calibrated. Table 1 lists the weight losses obtained by TG and the uncalibrated relative intensities of H2:HD:D2 obtained by MASS.
First, in sample 1 (protide) the D content was negligible, i.e., y1 = 0. Using Eq. (2), x1 = 0.90. Thus, sample 1 is Ti0.33V0.67H0.90. Next, CHD and CDD are assumed to be 1. For sample 2, Eqs. (1) and (2) give x2 = 0.110 and y2 = 0.856. Then, Eqs. (4) and (5) Using these correction factors, the H and D contents of each sample were determined, which are listed in composition of a sample is calibrated by using the above method, the sample can be used to calibrate other instruments as a standard sample.
Conclusion
I have proposed a method to calibrate a mass spectrometer at low mass numbers by using metal hydrides. The method needs protide, deuteride and at least two mixed samples. The necessary data include the mixing ratios, weight losses and apparent fractions of H2, HD and D2. Using those data, the correction factors and true contents of H and D can be determined.
